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HYDRODYNAMIC TESTS IN THE N.A.C.A. TANK 01’ A MODFIL OF

THE HULL OF THE SHORT CALCUTTA FLYING BOAT

By Kenneth E. Ward.

SUMMARY

The hydrodynamic characteristics of a model of the
‘null of the Sb.ort Calcutta (N.A.C.A. Model 47) are pre-
sented in nondimensional form. This model represents one
of a series of hulls of successful foreign and domestic
flying boats the characteristics of which are being ob-
tained under similar test conditions in the N.A.C.A. tank.

—.

The take-off distance and time for a flying boat hav-
ing the hull of the Calcutta are compared at two values of
the gross load with the corresponding distances and times
for the same flying boat having hulls of two represerita-
tive American types, the Sikorsky S-40 and the N.A.C!.A.
11-A. This comparison indicates that for hulls of the
widely different forms compared, the differences in take-
off time and distance are negligible. -.

-,

INTRODUCTION

The N.A.C.A. is testing a series of models represent-
ing the hulls of various successful foreign and domestic
flying boats. The chief purpose of these tests? as pOfnt-
ed. out in reference 1, is to obtain d~rectly comparable
hydrodynamic characteristics of the hulls. The knowledge
thus obtained should result in a concentration of future
developrne~t on the forms showing the greatest promise.
While it is realized that hulls of the different types
used by the designers in different countries require dif-
ferent technique in handling while on the water, compara-
tive data as to the hydrodynamic characteristics should be
of considerable value to all designers.

The present tests were made of a model of a hull rep-
resenting that of the Short Calcutta, a successful British

.-
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flylng boat, the lines of which were kindly supylied b-y
Short Bros. , Ltd. The hull. o+the Calcutta hae a trans-
verse second step, a forebody of approximately half the
length to the second step, and an extended beam at the
chines. The gross load and take-off speed, as Otated by
the d.esigner~, are 21,700 pounds and 52-1/2 knots, respec-
tively.

DESCRIPTION OF MODEL
..-

“~he model aS tested in the N,A.C.A. tank (N.A.C.A.
Model 47) was constructed to a scale of 17:119.90, or ap-
proximately 1/7, and was of laminated mahogany, painted.
and r+zbbed, with a tm-lerance on the offsets of *0.02 inch.
The model was constructed with fair deck and sides, fol-
lowing the design of the actual Calcutta hull, for the
purpose of obtaining the aerodynamic characteristics from
wind-tunnel tests in. another investigation. The principal
lines are shown in fligure I and the Offietis are given in
table~=I. I?igur”e2 shows the model as tested in the tanh-=

-.—— : -. -- “.

The proportions of the Calcutta hull are typical of
British practice at the time the Calcutta was designed in
that .it has a relat~ve~y short f~rebody and. long after-
body, as” comp-a”red”with contemporary American pra-ctice, with
the center of gravity ~ell forward and near the main step.
The bow is. rather ful~ and the hull has a flare at the
chine with an extended beam over the portion near the main
ste?. The maximum beam is ahead-of the main step and the
relatively narrow ~fterbody ends with a small transferee
second s.%wp having a pronounced hook.

!Phe principal geometric characteristics of the hull
are as follows:-

Length;:..—
Over.-all (o.A. jJ-”in. . . ~ . . “. .
I’orebody, in. . . . . . . . . .
To second step, in. . . . . . . .

Maximum beam, in. , . . . . . . , .

Dead rise at step (tangent, kneel arc
to chine), deg. . . . . , . . . .

.

Model l?ull size

— ---- , .-. ..

102.95 726
38.75 2?’3-l/4
76.08 5j36-1/2

17.00 1M,90
—...

21,1 21*1

b

.

.+

b

— -- -

.. -.
.

.: ..~
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Model Full size

Gross load, lb..... . . . . . ...61.4 21,7G0

Get-away speed, f.”p.s. . . . ‘. . . , . 32.8 87
-.

Center of gravity above keel at .
step, in. . . . . . . . . . . . . . . 21.27

Center of gravity forward of step, in. 2.09

Angle of keel forward of step to base
line, deg. . . . . . . . . . . . . . -.3

Angle of keel aft of step to base line,
deg. . . ~. . . . . . . .“. . . . .“--8.3

Depthof step, in. . . . . . . . . . . . .56

150

14-3/4
.-.-—

—
“3-.

!3.3”
—

3.90

Linear ratio of model to full size 17:119.90 or 1:7.053 —

Forebody:
percent of O.A. length . . * . . . . . . . 3?.6
Percent of length to second step . . . . . 51.0

Beam:
Percent of O.A. length. . . . . . . . . . 16.5
Percent of length to second step . . . . 22,3
Percent of forebody length . . . . . . . .- 43.9 ““

.

Center of
Percent
Percent
Percent

Center of
Percent
Percent
Perceat

g~avity above keel at step:
of O.A. length.. . . . . . . . 20.7.
of length to. second step .. . . . . 28.0
of forebody length . . . . . . . ~ 54.9

gravity forward of step:
ofO.A. length . . . . . . . . . . 2.0
of length to second step . . . . . 2.8
of forebody length . . . . . . . 5.4

Depth of step, percent of beam . . . . . . . 3.25
.- ___
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APPARATUS AND PROCEDURE

A description of th”e N.A. C.A. tabk, t’h”eequipment, and
t-he method of lmsting is givep in re,fe,repce 2. The towing
gear has been modified f-rornthat described in the refer-
ence and the gear as now used iS described in reference 3.

Test data. were Obtainkd by the general method (see
reference 2) in which the independent variables were load,
speed , and trim, and the dependent variables were reeist--
ance,- trimming moment, and draft. !J?estswere also made
with, the model free tw trim about the, design center of
gravity. Two methods were used for these free-to-trim
te”sts : the specific or hydrofoil method, during which the
load--the water was automatically adjusted. to the speed
by means of a hydrofo-il running in the water; and the gen-
eral method, duripg which the load was made an independent
variable. This latter method of obtaining the free-to-trim
chara:ct=ristics is more comprehensive than the hydrofoil
method as it provides data from which the characteristics
(for a given center of mom~tit~) may be obtained for vari-
ous g:?oss loads and unloading-conditions.

RESULTS AND DISCUSSION
,..

~jxuerimentql result~.=—— The experimental results are
preser.ted in the form of nondimensional coefficients de-
fined as follows:

Speed coefficient . : . . . . . . CV = Y

.m. . .

Resistance coefficient . . . . . , . CR =
;$

Load. coefficient , . . . .’ . . . . CA = A
;?

Trimming-moment coefficient . . . . . CM = — Mwy4

D:raft-beam ratio . . , . . . . . . . ~
1

where

#

—

●

r

●
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v

R,

A,

M,

b;

d,.

w“,

g,

is the speed. .

resistance (including the air resistance of.
the model)

load on the water

trimming moment (bow-up moments considered pos-
itive)

.
maximum beam

draft (distance from keel at step to free-water
surface)

specific weight of water (63.5 lb./cu.ft* for
these tests)

_...

acceleration of gravity

The units must, of course, he consistent. In order to
express. the experimental, results in convenient units of .,

the load coefficieai, it is necessary to use counter: ~
weights of predetermined weight based on the density of
the water at the time of the test and on the beam of the
model. The other coefficients are readily obtained by-””fi-e
application of factors to the recorded data.

The nrecision of the data as nresented is believed to
he within-the following limits: ‘

Load coefficient . . . . . . . . . . .

Resistance coefficient . . . . . . . .

Trimming-moment coefficient ; . , . . .

Speed coefficient . . . . . . . . . .

Trim . . .’. . . . . . . . . . . . .

Draft-beam ratio (under way)

Draft-team ratio (at rest) ~
...

0.002 --
-.001

*.001

*. 005

&do2

*. 1°

3=.01

+. 005
--
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The tKimming-mornent coefficient and the draft-beam

ratic, of the model at rest are shown in figure 3. The
dat-a of this figure yermit the trim-and draft of the hull
while at rest t“n be obtaf.ned for various loads and vari-
ous positions of t~e. center of gravity.

.—... -. —.

The results of tests of the model free to trim (fig.
4) are particularly useful for det~~mining the hydrody-
namic resistance of the hull at low speeds where the aero-
dynamic control may be insufficient to mal~tain the hull
at the best trim. Figure 4 also gives the trim assumed by
the h-~ll for this condition. The results are shown fur a
wide range of loads for use in obttining tLe free-tm--&rim
characteristics of the hull for various initial loads and
Unloading conditions and for one position of the center of
gravity.. The long-dash line on the resistjance_curv~ an- ..
dicatos the vari~ti~a of resistance ‘with speed for the.—
hull with the design-load coefficient of 0.34 and get-
away speed coefficient of 4.85 whfle operating at a con-
stant value of the- lift coefficient. . :=. . ..-

..- ,..:I. -- .

The resistance and trimming-moment coefficients for
the hull at several fixed trims are shown in figures 5 to

10. These curves show the usual variation of resistance ●

and moment with speed for the several trimm and are use.
ful f~robtaining the resistance and moment at a trim
other than best him. .-..—

Der-ived resu-l~l- .The resistance and trimming-moment
coefficients corresponding to the best trim are shown in
figure 11, and t-he best trim is shown in figure 12. The
curves are der$ved j.n the u~ua~ manner; that is, the re-
sistanl$e iS plottad against trim at suitable intervals of
the speed for the loads used~ TL@ hydrodynamic character-
istics a?-e”then “obtained at the trim that gives the least
resistance. These curves are useful for est-lmating the
performance of the flying boat during take-off- The Ion -
dash line superimposed on the resistance curves (fig. 11T
rep~esaats the resi.stan:ce at best him during the assumed
take-off shown and is later compared (fig, 16) with the
corresponding curve of figure 4. . The r’es’istance curves,
together with the best-trim ourves, provide the necessary
-t data for the take--off’problem. The large moments and
high trims below the hump s~eed, shown in the figures, in-
dicate that for this hull the fre”e-to-trj.m characteristf.cs
should be used up to a speed coefficient of approximately
2.0. Such a procedure will be on the conservatl,m side.
At higher speeds the aerodynamic control is probably suf-
ficient to maint%in the best trim, .. ..

— -..
, 7L=_-
. . . .
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The curves of figure 11, when compared with similar
curves for other models, show that in general the huinp
resistance is considerably higher and the high-speecl re-
sistance is lower for a hull of the Calcutta type than
for hulls of conventional American types. The curves of
figure 13, which give the load-resistance ratio at sev-
eral representative values of the speed coefficient, may
also be used to compare the relative merits of various
hull forms.

Figures 14 and 15 show the variation of resistance
with load for the model free to trim and at test trim, re-
spectively. These curves are more convenient for obtain-
ing the resistance corresponding to a particular load at a
given speed than the corresponding curves of figures 4–and
11.

Figure 16 compares directly the resistance and trim
during the assumed take-off (shown in figs. 4 and 11) for
the model running at best trim end running free to tifmi
The comparison indicates the, considerable decrease iri re-
sistance, particularly above the hump Speed, resulting
from holding the hull at the best trim. Below the hump
speed, the moments required to maintain the hull at the
best trim are excessive, as may be noted in figure-n, and
the hull mill necessarily trj.m much lower with a small in- “
crease in the resistance.

Figure 16 also shows the results obtained from the
specific test of the model free to trim. The test points
are superimposed on the curves of the resistance coeffi-
cient and trim derived from” the results of the gen-6rZl
test (fig. 4) and show a very satisfactory agreement. In
the high-speed range, the results of the gener-al test are
believed to he more reliable” than those of the specific
test, principally because the load on the water is mere
closely controlled. Practically, however, the free-to-
trim characteristics in this regfan are of little impor-
tance as it is probable that ample, aerodynamic control is
availal?le to maintain any desired trim.

—

The resistance curves for this model take an unusual
form at light loads and moderately high speeds. In fig-
ure Ll it will be seen that the. resistance for “the lighter
load (CA = 0.025) is. greater than that for th6 heavier
load (CA = 0.05) for a small range of speeds. This-~”e-
culiarity has been noted for another model of generally’- .-.

.
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similar design. (See reference 4.) The higher resistance
for the lighbr load iS probably caused .by an increase in
tie wetted area due. in--the jet from the main step strtking
the afterbody; whereas for the heavier load, the after-
body” runs clear or nearly clear. This characteristic may
b-e noted “for the &ixed-trim tests at trims of 7° and 9°.
(See figs. 7 and 8.)

a

The best trim for the model (see fig. 12) is unusual-
ly high over the entire speed range, proba%ly as a result
of the large effective angle of the afterhody keel. At
modergt% s“peeds the curves for best trim cross and the
mod=l t~ims slightly higher for lighter loads. At high
speeds the trim for light loads decreases rapidly with in-
crease f,n speed.

The draft-beam ratio corresponding to the best trim
is shown in figure 17. Although these data have li”ttle
practf.cal use at present because the water surface around
the hull is qtiite different from the free-water surface,
still some indication is given of the position occupied by
the hull in the wat~r~ Knowledge of this position may be
useful. in connection with stabll~zing-f~oat problems.

Syray. Photographs.- The ph~to~raphs showing the spray
and wave formations produced by the model (fig. 18) indi-
cate that the hull is particularly clean-running at all
speeds above the hump. Furthermore , observations during
the tests indicated that the spray is not excessive at the
hump speed and below. Figures 18 (a) to (c) represent the
heavily loaded hu’11 at speeds just-beyond the hump speed,
where the vater-borne Load is largely supported by hydro-
dynamic reaction. Figure 18 (a) shows the high roach
which ,follows the hull but is well clear of-.the tail sur-
faces and which is ra~idly reduced as the speed is in-
creased. Figures 18 (d) to (f) represent the lightly
loaded hull, near the hump speed and at moderate sp=eds in
the early planing condition.

Figures-18 (g) to (i) represent the hull near the
take-off speed for different gross loads. A comparison
o~figm.re 18 (g) with figures 18 (h) and 18 (f) shows, for
one load, the clean-running condition at the lower speed, .
which becomes less clean with higher speeds as the jet
from the for~body”strikes the afterbody and- envelops it
with spray. This evidence o~increased wetted surface may . T
be associated with the rapid increases in resist~ce -d
the overlapping-af the resistance curves for light loads
at cert,ain speeds as ~reviously noted.
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TAKE-OFF COMPARISONS

.

d

.

Any true comparison of the” relative meri-ts--of hull
forms must consider the purpase for which the hull is de-
signed,, the conditions under which it must operate-, and
the technique with which it is to be handled while on the
water. Useful information is obtained, however, %y corn- -
paring the take-off distance and time for hypothetical sea-
planes in which hulls for a particular class are used. On
this basis, the gross load, wing characteristics, hull
weight, and power available are assumed to be the same,
respectively, for the various sea>lanes vader considera-
tion.

The performance of a hypothetical seaplane havtng the
hull of the Calcutta (N.A.C.A. Model 47) is compared with
the performance of two similar seaplanes having hulls,of
the N.A.C.A. Model 26 (reference 5) and of the N.A.C.A.
Model 11-A (reference 6) at two values of the gross load.
The two hulls used for comparison represent hulls of con-
ventional American types and the performance co~parisons
give some indication of the relative merits Of the three
hulls. .-—

The first comparison is made on the basis of a gross
Ioad.of 20.,000 pounds, which represents a load coefficient
near that of the actual Calcutta flying boat. The se<o~
comparison is for a gross load of 35,000 poufids, whit-h re”p’--
resents a load coefficient nearer that of American prac-
tice. The dimensions of the hulls are based on the length-
beam product of the Calcutta flying boat-”(446 square feet
based on the length to the second step) so as to base the
comparison on hulls of approximately equal weights. The
design data as+~umea for the two Ioading conditions are as
follows:

.

Gross load, lb. . . . . . . . 20,000 35,000

Wing loading, lb./sq.ft. . . . 12 18.5
-— _- -.

Power loading, lb./hF. . . . 14 14
.

A hypothetical elliptically loaded wing of aspect ratio 10
(including the as~ued ground effect) , which has charac-

*. teristics as shown in figure 19, is assumed. .-

The curves of the total resistance, air resistance,
and net propeller thrust for the three seaplanes are Showri

.-
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in figures 20 and 21. The take-off distances and times
were c:omputed from the usual relations between net accel-

*.

eratfE.g ~, speed, and mass. All three seaplanes were
assumed to be taken off at a s~eed 10 percent above the
stalling speel by means of a slight pull-up. !Che valueg
of the wing setting chosen were assumed to be the maximum
values permissible from considerations of the air drag at
cruising. speed for the hypothetical seaplanes. .

--:,.. z..-.
The take-off performance and pert-inent data of the

seaplanes for the two assumed initial loads are as follows:

20,00Q-lb load 35, 000-lb. 10&~—* .

Model, . . . , . . . . 47 26 11-A 47 26 11-A .-

Beam, ft. . . . . . . 9.99 9.85 9.99 9.99 9.85 9.99........... .: .=

Gross-1oad coefficient. 0.314 0.327 0.314 0.549..0.572 0.549
.-.-. ... .,,

Wing s~~ting, deg. . . 7-1/2 10 “~ ?d~/2 10 ~~ .
----.--— -

Take-off time, see, . . 28 27 28 47 43 43
.

Take-off distance, ft. 1,370 I,41o 1,440 2,71(3 2,7402,740-----.-

This comparison indicates that tha Calcutta hull has
a slight- advantage over the other” t“wo hulls with regard to
the take-off distance of the seaplane for both light and
heavy loads but that the differences ‘In both distance and
time are practically negligible.

.

Langley Memorial Aeronautical Laboratory,
Nal;ional Advisory Committee h-r Aeronautics,

Langley Field, Vs., December 19, 1936.
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TJBU I

Table1 .

Orfaatefor~.A.c.L.Model47(mreEms.Oal=tta)?&la&20ntml (InChea)
D~e sad-Sad- sad- Bad- CMne Keal

Sta- tacce A B D E ill, inm lUS x L he x 0 Ohine abae ative

tion from a H J K balf- base baw B1 az. B3 94
r.P. breadth line line

*$

11.01 Eti O.nOA .85 12.161.93 0.00 0.a 0.Y80.36 1.93.--L-

.

.

lmmtm=e fmm =mter Une (Pi- of ~atay) te hzttaek (mstion of hull mrfam madebT a 7artical

plane parallel to plane of ztm).

9- I (ooatlnned)

Offsets for M.A.C.A. Wdel 47 (Short ?mos. Oaloutta) mng-Eaat Ml (Imhes)”

EEI

I I

+
I 1 I I I I

t
-.

Additlmal Sut*k FMAgbts for Saoond Stap and ?alting

sta- Butt.mk dim amat from ●

tio”n o.4310. f511.2glL70 12.1312.912.551 2.771 2.9S

23A,T. ~:E6 7.09 7.34 7.57 7.79 7.m 7.99 ;-:: ;.g

,3 .? 7.1s 7.42 7.667.S*,.gsgJ3723A,A.
7.9 l.n 7.956.21 6.47s.% 9.~ 9:7110:36

23C 7.96g.lu g.37 g.EU hgs ,9.2sg.n lw2Q1o.66
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(Oontinued on following pages).
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(d) ~A= 0.2; ~v= 1“95; 7= ‘0

(f) o~= 0.1; Ov= 3.13; ‘r= 70

Continuation of figure 18
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(g) GA= 0.025; c~= 3.17; ~= 7°

(h) 0A- 0.025; O* - 4.40: l-= ?O

(i) a#o*m5; o~- 5*95; T-S*8*

Continuation of figure 18
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